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This protocol describes how ancestral protein-protein interaction patterns can be inferred using a set of known protein interactions from phylogenetically informative species. Although this protocol focuses on protein-protein interaction data, character-state reconstructions can in general be performed with other kinds of binary data in the same way.
Data

A. Protein-protein interaction data
A comprehensive list of interactions for the protein family under study should be compiled.
As interaction data are typically generated only for proteins whose sequences have been deposited in databases, a recently published comprehensive phylogeny of the protein family under study may yield an upper estimate of the number and phylogenetic breadth of interaction data to be expected. In many cases recently published phylogenetic relationships need to be extracted from the publications itself, however a growing number of phylogenies are being uploaded in online databases such as TreeBASE (http://treebase.org/treebase-web/home.html) or Dryad (http://datadryad.org/). to avoid the inclusion of false negatives in the dataset (Melzer et al., 2014) . It is difficult to estimate how frequently these problems will appear in a particular dataset. It is therefore important to consider the phylogenetic history of the interaction partner in character-state reconstructions.
If the interaction data gathered rely on different methods it is helpful to also collect data for each method separately (Figure 1 ). This will later reveal whether the results of the character-state reconstruction depend on the method used to obtain the interaction data. 
B. Phylogenetic reconstruction
A phylogeny covering all of the proteins under study needs to be constructed using one of the many software tools available (e.g. MrBayes, MEGA 6, Bali-Phy, PhyML, see also proteins under study. However, in principle every tree can be used as long as each protein is assigned to a specific position in the tree. Protein names in the character matrix described above and in the phylogenetic tree have to be identical to be later able to connect the two datasets. Mesquite also offers the possibility to manually draw trees; this may be used for cases in which a computational phylogenetic reconstruction is not feasible.
The phylogeny may contain proteins for which interaction data are not available. These will later be ignored by the character-state analysis.
C. Character-state reconstruction
The character-state reconstruction is done using Mesquite. leading to Amborella trichopoda AmAP3) might be unreasonable short.
2. Import/generate data matrix:
There are several ways to generate or import a data matrix implemented in Mesquite (http://mesquiteproject.wikispaces.com/Characters+%26+Matrices). A straightforward approach is to generate a new blank data matrix with the required number of characters and copy/paste the interaction data from the original data source (i.e. from the Excel spreadsheet). The matrix needs to be specified as categorical to be used for the character state reconstruction.
Model specification and character reconstruction:
Mesquite provides an extensive documentation on the different settings for the character-state reconstruction:
http://mesquiteproject.wikispaces.com/Ancestral+States. In our analyses we employed likelihood reconstruction methods (Melzer et al., 2014) , but parsimony reconstructions are also available (Li et al., 2015) . Two general models can be used for likelihood reconstructions: The 'Markov k-state 1 parameter model' (Mk1) and the 'Asymmetrical Markov k-state 2 parameter model' (AsymmMk). The principal difference between these two models is that the 2 parameter model allows 'forward'
and 'backward' rates to be different, i.e. the probabilities for gaining and losing an interaction can be different. In the 1 parameter model, gaining and losing an interaction is equally probable. Biologically, it would in most cases make more sense to apply the 2 parameter model, as one may assume that it is more likely to lose an interaction than gaining it. However, several reports have shown that 2 parameter models can lead to implausible results if small to medium sized datasets (data on less than 100 protein-protein interactions) are being used (Mooers and Schluter, 1999; Pagel, 1999) . A likelihood ratio test can be used to infer whether the 2 parameter model significantly improves the fit of the model to the data as compared to the 1 parameter model (Pagel, 1999; Ree and Donoghue, 1999 ). This test is performed by subtracting the -log probability values derived from the two models and multiplying the absolute value of the result by 2 (|(-logLMk1)-(-logLAsymmMk)|·2 Petunia hybrida PHTM6 on the left tree) and grey circles at internal nodes designate an unknown interaction status.
